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ABSTRACT

The purpose of this study is to produce a shielding material to reduce a dose on the genital gland, one of the
superficial organs, at a CT scan on the whole abdomen and hardly affect picture quality and examine its utility.
This research made 22 mm silicone and 7.3 mm aluminum having the similar material quality and effect of
previous bismuth. By using the non-shield, bismuth, 22 mm silicone, and 7.3 mm aluminum shielding materials,
this author conducted a comparative experiment measuring the decay rate of the genital gland’s exposure to
radiation, change of the CT number and noise in the image, and the CT number, noise, and uniformity in the
AAPM phantom. According to the results, exposure to radiation is reduced in bismuth as 29.96%, silicone 22 mm
as 13.10%, and 7.3 mm aluminum as 18.27%. In bismuth, however, the image’s CT number varies a lot, and
uniformity is measured to be inappropriate in the AAPM phantom scan; therefore, it indicates great change in
terms of picture quality in superficial organs like the genital gland. Concerning superficial organs like the genital
gland, if 22 mm silicone and 7.3 mm aluminum are used as shielding materials, it will be helpful in reducing
variation in picture quality and also decreasing radiation exposure to radiation.
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I. INTRODUCTION
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I. MATERIAL AND METHODS

1. silicone®} aluminum® F74 &3

X BAGRE o]&ate] 7] AH AR bismuth @t
H|523 A g 35 714+ silicone®} aluminum®] F7
5 57438tk Muld Function Meter(FLUKE,TNT 12
000, USA)?F X-A AR 2] 2Bl L] REX-650R
(ALl 2.4 mmAl F7F13} 1.0 mmAlL F 3} 3.4
mmAl)S AFESF] 70 kVp, 200 mAs, 0.05 sec, FFD 1
00 cmollA] &335FAt) SH AT} aluminum 7.3 mm<}
silicone 22 mmE ARESle] AHAE A2

Fig. 1. Shielding material thickness measurement

Table 1. Measuring the thickness of aluminum shield

Number of measurement

Shielding  Thickne Average
materials  ss(mm) 1 2 3 4 5 dose(LGy)
Non filter 681.3 680.8 681.7 679.8 676.9 680.1
Bismuth 129.3 129.5 129.0 129.0 128.2 129.0
6 1639 1649 163.7 164.1 163.8 164.1
7 136.1 1353 1369 1359 1364  136.12
Aluminum

7.3 128.2 128.6 129.0 1283 127.7 128.4

7.5 125.5 124.7 1243 125.1 124.7 124.9

Table 2. Measuring the thickness of silicone shield

Number of measurement

Shielding  Thickne Average
materials  ss(mm) 1 2 3 4 5 dose(LGy)
Non filter 681.3 680.8 681.7 679.8 676.9 680.1
Bismuth 129.3 129.5 129.0 129.0 128.2 129.0
5 389.8 386.8 389.2 388.9 384.6 387.7
15 190.0 1889 189.4 189.7 187.8 189.2
Silicone

20 141.7 142.0 142.8 141.8 141.7 142.0

22 126.6 126.6 125.8 125.7 1253 126.0

2. A% 4 A A

whole body phantom PBU-50 QIA|E3-& ©]-835}o]
Brilliance CT 64-channel scanner(Philips, Nethetlands) =
whole abdomen CTE #%3}3t} aluminum 7.3 mm<}
silicone 22 mme] A& 74 ad=E SA4s] YA T
LD-100 3.175%3.175%0.889 mmE A}&-3Fo] 74313
o1 TLD Reader system+ HARSHAW TLD-3500<
Abgale] =S TLDE LiFE BA|Z 3k thE
BAS7 2ol malA apdE Al Hu selsow
PgdAolm, 53] TLD-100(Harshaw Co.)<> LiF: Mg,Ti
2 T4} 9 gE el WS- A 215kl
#FE TIDRE 7P 21 ARE ARgs AL gl
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3. A% 54 U

71 A AQ) bismuth 9} H]52E A &S 7HA] =
silicone 22 mm<} aluminum 7.3 mmE A|2}+6le] whole
body phantom PBU-50 SIAIR&| 300°CZ 241 &
o} 713} annealingt:ﬂ’ TLDE A2 F-9d ¥3l n
on shield, bismuth, Silicone 22 mm, aluminum 7.3 mm
A AE 247t &8F 3L Fig. 2.9} 2¢] whole abdomen
CT% ZHgeto] YA 9F A=k 103] SASATL
HAZHE Table 3.7} 2t}

(a) Non shield (b) Bismuth

(c) Silicone 22mm

(d)Aluminum 7.3mm

Fig. 2. Dosimetry methods

Table 3. Reference scanning protocol parameters

Protocol parameters

Scan protocol Axial Helix Rotation time 0.75sec
Voltage 120kV Filter Y-sharp
mAs 250mAs Slice thickness Smm
Image matrix 512x512 Slice increment Smm
Collimation 64%0.625mm FOV 350.0mm
Scan length 440mm Pitch 1.172
molefliEion DDOM, ACS

4. 3-8 7t Iy
2w o] 4 HI7ME 8] non shield, bismut
h, silicone 22 mm, aluminum 7.3 mm= 2}¥|3F Z}7}e]

Qo) AAR $919) e o] pAGeS A4

o] Extended BrillianceW\Workspace(Philips, Netherlan
ds)E ©]83F] CT number®} noise®] WIS 543130
t}. 28] AAPM IHE Yol non shield, bismuth, silico
selsn 9

Sqouan] AU A 2% Fo

ne 22 mm, aluminum 7.3 mm Z}HAE
2 g
E9] CT number, noise, uniformitys =7g3Fo] 2343

I8 Aok

II. RESULT

1. whole abdomen CTOlA A HA=HF ZHA

whole abdomen CTE Z3HA A4 H-9lo TL
DZE £3I non shield, bismuth, silicone 22 mm, aluminu
m 7.3 mm AHANE ARESEe] Z2F 103] 578830t
12)3l non shield®} WL 3fo] 7h2]E M HAGS
H| 2L 5}ATE Table 4.9F 720] MeantS.D. 5 543 A3}
non shield™ 14.1242.64 mGy”} S5 L, bismuthS
2ste] S4e A= 9.8941.80 mGy= A2 A9
AMEko] ZFAw o] =AY whole abdomen CTE
oA non shield #%2 CIDIvol®] 8.83 mGy= =7
H 3L, DLP#-2 453.1 mGy-em 2.2 SAE AT bism
uth %2 CTIDIvol®] 8.99 mGy= 545%™, DL
P#FE 461.6 mGy-em®Z A ST

Table 4. Attenuation by the bismuth

Shielding Number of measurement Mean
materials 1 2 3 4 5 (mGy)

1432 1595 1221 16.15 11.57
Non filter 6 7 8 9 10 1412 2.64
9.86 17.67 17.19 1439 1191

Number of measurement
1 2 3 4 5

10.51 827 8.09 890 11.40

S.D

Bismuth 9.89 1.80

6 7 8 9 10

1338 11.52 856 8.16 10.15

silicone 22 mm% x5t 43 A3 Table 5.9
2o =4 232 AUk MeantS.D.Fko] 12.27+1.20
mGy® A2 Aol FhaEo] SAHEAT whole ab
domen CT &9 9] CIDIvol 8.99 mGy= SA O
™, DLPZES 461.7 mGy'em® S4 %31tk
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Table 5. Attenuation by the silicone

Shielding Number of measurement Mean

materials 1 2 3 4 5 (mGy)

S.D

12.62 13.07 11.37 13.46 10.13
Silicone 6 7 8 9 10 1227 1.20
12.56 13.23 12.54 10.44 13.24

aluminum 7.3 mm% 2|8t 543 A3} Table 6.
W 2e 54 A%RE AArh MeantS.D.gko] 11541
34 mGy= A2 Aol 7o) SAHHU whole
abdomen CT #%¢] CTDIvol 9.02 mGy= 453
o DLP#S 463.0 mGy'em® 4% 31t

Table 6. Attenuation by the aluminum

Number of measurement

(c) Silicone 22mm
Fig. 3. Changes of CT number and noise

(d)Aluminum 7.3mm

Shielding Mean SD
materials | 2 3 4 5 (mGy) ™ Table 7. Changes of CT number
11.15 12.94 11.64 1128 9.11 Shielding Number of measurement Mean(HU
Aluminu materials 1 2 3 4 5 can(HU)
m 6 7 8 9 10 11.54 134
13.83 12.14 10.93 10.20 12.14 Non filter -44 -81 -57 -39 -18.6 -7.1 -7.97

2. Y9 34 B}

non shield, bismuth, silicone 22 mm, aluminum 7.3
mm A Y E AREst] AT FFolA 6t Hl ROIE
A3 ] 2| 2] 5919 CT number®} noised] W=
=3} non shield®} B LI CT number®} noise

o
I

=42 Extended Brilliance ™ WorkspaceE A-g-3}

Nom, ROIE Fig. 3.3 ol FAA A7t 4AF &
7] F-9lell 247} 3tdlE 2 A7)2 A Aste] F gk

tlo N

H] 3L S}FSATE Table 7.914 CT number®] 3= no
n shield® 4] =7.97HU, bismuth X}#|oA 25.38HU, silic
one 22 mm A4 0.92HU, aluminum 7.3 mm X}
oA 825HUR %3} ¥tk

Table 8.94] noise2] W3}= non shield®| 4] 10.47, bi
smuth Z}HolA] 15.18, silicone 22 mm A}H|o| A 15.45,
aluminum 7.3 mm ZFFH|A 14352 S7FsH3AT

Bismuth 30.7 575 414 226 -3.0 3.1 25.38
Silicone 22 -177 -50 65 277 -38 0.92
Aluminum 143 92 155 139 -03 -3.1 8.25

Table 8. Changes of noise

Shielding Number of measurement

materials 1 2 3 4 5 6

Mean

Non filter 95 93 93 I1.1 11.8 11.8 10.47

Bismuth 113 172 150 150 169 157 15.18

Silicone 109 139 132 16.7 173 20.7 15.45
Aluminum 11.5 162 10.7 139 174 164 14.35

3. AAPM 99 974 37}t

AAPM HE F4 H7FE 91 Fig. 4.9F 2] non sh
ield, bismuth, silicone 22 mm, aluminum 7.3 mm X}
A= A ste] AHFE] 64 W 1/473 904 158
0~1620 mm?E =9 CT number®} noiseE SH3}FL 9
Al 124, 341€] 2/30] AFelA 543 CT number®t
H] 38} uniformitys Aldbete] MEH G AR 4
7)ol Akl Brbstdth 2 2FE A e] CT number
Aol A non shieldo| 4] —2.9HU, bismuth —2.2HU, silic
one 22 mm —3.8HU, aluminum 7.3 mm -3.5HU7} 574
AT noise 7914 non shield 6.4, bismuth 6.7, sili
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cone 22 mm 6.9, aluminum 7.3 mm 6.9% SQF A}
uniformity =AM oA WSk} 3A] 9A] 12A] HEERO)
CT number®] Z}o]& S35t AMsE 23} non shield
oA z+z} 0.6HU, 0.8HU, 0.4HU, bismutholA Z}Z} 2.
8HU, 2.4HU, 10.7HU, silicone 22 mmolA 22+ 1.2H
U, 1.3HU, 1.1HU, aluminum 7.3 mm%|A] Z}Z} 1.1HU,
1.1HU, 0.5HU7} A=k

(d) Aluminum 7.3mm
Fig. 4. AAPM Phantom imaging test.

(c) Silicone 22mm

Iv. DISCUSSION
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AR 9Ed=e] A Edr ERlEdon, g9
Astz ls] A2 5919 HAlel= FA st 4
b ok g #A) @o] AFEEE bismuth®] 7-5-
FA A7IAA oF 15-30% 459 9% 7 a7t 9L
U= A7A37) okl gy A e A8+t
ke A o lom, A4 A7) F91E ®Baat st
= AT g B %S T FoE B
AUk olell - Aol M= 7154 bismuth®t 215
o] H]g =& WEo] AulsH I stEAsHE vl
718 TE whole abdomen CTOIA] 24 Foll no
n shield, bismuth, silicone 22 mm, aluminum 7.3 mm
A A 2 Ap|ste] QA A R ans g
AIE B, non shieldol V]3| bismuth 2} A 2] 7%
4.23 mGy7} Fas o] 29.96%7F FaE AT silicone 2
2 mm? 79 1.85 mGy7} A 13.1% HAEY
2.58 mGy7} 7HaH o] 18.
27% AT Gdste] WslolA CT numberd)
HUZ 54 23S B9 non shieldo B]8l bismutholl
A 3335HU7} 57F8F AL, silicone 22 mmOl| A+ 8.89
HU”} $718F9 21, aluminum 7.3 mme 16.04HU 3
7}t noise?] W3F= non shield®l H]&} bismutholl
X 44.99%7} F7F8FF AL, silicone 22 mmOl A= 47.5
6% %71t 2™ aluminum 7.3 mmi= 37.06% o7/ }3}
Gk AAPM WY 34 HALolA B9 CT number?)
W3} non shield 2.9HU, bismuth —2.2HU, silicone 22
mm —3.8HU, aluminum 7.3 mm -3.5HUZ 7%
g-A 712l 0+7HU®) B EHAL} noised] SN =
non shield 6.4, bismuth 6.7, silicone 22 mm 6.9, alumin
um 7.3 mm 697} F4=o] $A7]EA THU oo
Ellcabe=a uniformity =Ao]| A= bismuth ZFH A<
A9 oAl Wk} 124] W] CT number HUS] Z}o]
7} 10.7HUZF 57450 47159 5HU ¢ Hojut
SAEAT 919 Aol A AAMo) deF A ad=
bismuth7} 7F¢ 5
22 mm9 £o2 ettt 18y bismuth X} A€
8- FA73 371914 CT number®] W17} 71 A
UERAL uniformity S800A % F-A4 88k Yebst
aeEE A AU AR Gl AR sk
H3lE HAslEtn 9ES =Y 4 9JE aluminum 7.3
mm, silicone 22 mm7} E3A o] olo gt Ak
A e A7 28 Ao=E ek 2 A

31, aluminum 7.3 mmOlA &=

3}, aluminum 7.3 mm, silicone
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V. CONCLUSION
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Whole Abdomen CT&<9 A 33 Ao wE AAA AF
73 a3

Aen, v
ol st stal WA 1}
e <
whole abdomen CTZE- A FEAA 7)o Gt AAA FQo XS Folal 3hdd A3S 27
F7] gk AHAE A Aste] 84S s 7159 bismuth A E 3} H]S2$ G35 7FA] = silicone

22 mm, aluminum 7.3 mm= A 2}3}3TF non shield, bismuth, silicone 22 mm, aluminum 7.3 mm X} A& 9]
L3Fe] A ¥ZE A 4], G CT numberst noise M3}, AAPM ¥ o4 CT number, noise, unifo
mityS Z743te] Wl A etk Aol A bismuth 29.96%, silicone 22 mm 13.10%, aluminum 7.3 mm 18.2
%% ¥E MgFo] 7hA4F vk 18 bismuth A E Q] ¢ GA2] CT number ¥ 3}7F A3, AAPM WH
A3 AL uniformity oA FAF o R SA o] AN e A FTldA A Bishr F FoR
et A AT 2o FAA 7)ol A5 silicone 22 mm, aluminum 7.3 mme] X} A E ARE-SobH 3}
2 WstE ZolWA WAMA 9FS Fol=d EFo] d Flojg dddr

ZFAko]: whole abdomen CT, CT number, 72, ¥#¥9%, AAPM #g.
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